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0 Localized vacuum apparatus and method. 

0 Apparatus (10) generates a localized, non-con- 
tact vacuum seal at a selected process region (15) 
of a workplece surface (13) and Includes a vacuum 
body (42) with a wpri<piece-facing. surface (44) hav- 
ing a plurality of concentric grooves (46a-d) and a 
central bore (52) through which a process energy 
beam (17) can be transmitted. The nriethod of gen;* 
erating a localized vacuum seal includes placing the 
vacuum body (42) into selected proximity with the 
process region (15) of the workpiece surface (13), 

iand differentially evacuating the grooves (46b-d), 
thereby defining differentially pumped vacuum 
chambers which reduce the influx of atmospheric 
particles to the process region (15). A selected con- 
trol gas from source (24) is introduced Into a vacuum 
body groove (4ea) to further reduce the Influx of 
atmospheric particles to the process region (15), and 
selected process gases can be Introduced into the 
vacuum body (42) to react with the process beam 
(17). 




y - 



BEST AVAIUBLE dOPY 



Xerox Copy Centre 



1 



EP 0 384 754 A2 



2 



LOCALIZED VACUUM APPARATUS AND METHOD 



Background of the Invention 

This invention relates generally to vacuunr^ ap- 
paratus and methods/ and. more particularly, re- 
lates to apparatus and methods for generating a 
localized, noncontact vacuum seal between a vacu- 
um apparatus and the surface of a workpiece. 

A wide range of processes, for photolithog- 
raphy and repair of photomaslcs, integrated circuits. 
TV picture tubes, and liquid crystal display (LCD) 
structures, utilize focused beaifns siibh as electron 
beams, ion beams or laser beams. Conventional 
focused beam repair systems require that the wor- 
kpiece be placed inside an evacuated chamber to 
reduce the nunribeir of atmospheric particfes which 
scatter the beam and reduce resolutiori. In the case 
of electron beam or Ion beam systems, evacuation 
is required because the electron gun itself must be 
In a region of very low pressured on the order of 
10"^ mmHg. 

At the conclusion of the repair stage, the chani- 
ber is opened and the workpiece is removed^ A 
new workpiece Is inserted, and the cycle repeats. 
The requirement of repeatedly evacuating the 
chamber adds cost £fnd cornpieidty.. arid is tirne 
consuming, sharply reducing the throughput of fo- 
cused beam repair systems. 

It is known that a localized, non-contact yaciir 
um seal can be created between an apparatus and 
a workpiece surface, using a series of differentially 
pumped apertures. The basis of differeihtial pump- 
ing lies in the introduction of resistances in the 
patii of gas flow between pumping stages. Large 
pressure ratios can be achieved if several such 
stages are used in succession. The mathematical 
basis for non-contact vacuum devices usin^ dif- 
ferential pumping is described in E. Donath, 
"Differential Pumping of a Narrow Slot," Joumal of 
Vacuum Science , incorporated herein by reference; 
and A.H. Shapiro. "Optimum Design of Pumping 
System for Maintaining Vacuum in a Chamber 
Open to tiie Atmosphere Through an Aperture.^ 
Vacuum , 1963, incbrpbraled herein by reference. 

The Donatti publlcatibn discusses experimientai 
results on differential pumping of a narrow rectan- 
gular slot open to tiie atmosphere at the inlet side, 
and tiie pumping requirements for achieving pres- 
sures on the order of 10"* tbrr at the terminus of 
tiie slot 

The Shapiro publication discusses a vacuum 
system for allowing electron beam welding without 
a window separating tiie electron gun and ttie wor* 
kpiece. 

Differential pumping and localized vacuum 
seals are also disclosed in the following U.S. pat- 



ents: •• ■ 

3,904.505 Alsenberg ; 
4.118,042 Booth 
4.524.261 Petricetal . 
6 4,720^633 Nelson 

Aisenberg discloses apparatus for depositing a 
thin film upon a base substrate, the apparatus 
i including a differentially pumped vacuum chamber. 
Bootii discloses an air bearing vacuum seal 
TO assembly including a two-stage differential pump- 
ing arrangement for maintaining a selected pres- 
sure gradient between a vacuum region arid an air 
cushion region. 

Petric et al discloses localized vacuum appara^ 
15 tus having elements for defining plural concentric 
vacuum chambers, Including a central vacuum, 
zonei through which a particle beam is directed. 
: iritemal channels connect the vacuum chambe 
individual vacuum purnps, . and: the chambers are 
20 differentially pumped to lorn a noncontact vacuum ; 
seal between the device and a workplace. 

Nelson discloses scanning electron rnicroscppe 
apparatus Including an aperture column hiaving iaf , 
series of differentially pumped pressure zones, 
25 Differentially purhped vacuum devices, how- 
ever, are typically bulky : in radial and axial dimen- 
sion H.e.. in the dirnensions perpendicular to and 
parallel to tfie beani, resf^ctively-r, arid therefore 
cannot be utiilzeid for pt-ocessing near the edges of 
30 i sertiiconductor wafer or LCD str^^ 

; Moreover, the cpristruction of differentially 
pumped devices has heretofore required tiie as- 
sembly of numerous rnecharilbal parts, tiiereby in- 
creasing cost and complicating the task of main-- 
36 taining critical rnechanical tolerances in tiie axial 
dimension. This dimension Is especially important 
because It Is determinativia of tfie gap separating; 
tiie workpiece surface and the workpiece-facing 
surface of the localized vaquum apparatus. H 
40 i gap is excessive^ vacuum is reduced due to In-? 
: creased ihflijx of atrinbsphertc particles; An insuffi- 
cient gap, conversely, increases the risk of contact 
: with, and resultant damage to. the workpiece sur- 
face. Accordingly, tolerances in tiie axial dimension 
46 are critical in construction localized vacuum ap- 
paratus. 

Additionally, differentially pumped devices typi- 
cal of tiie prior art provide no eiernents for de^ 
livering process gases for deposition on. or etching; 
50 of, a substrate. 

It is accbrdlngiy an object of the invention to 
provide k)calized vacuum apparatus and methods 
. adapted for use e.g. with particle beam or laser 
beam apparatus, and which provide a high degree 
of isolation of tiie process zone from almospheiio 
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particles. 

Summary of the Invention 

The invention provides apparatus and methods 
for employment with lithography and repair devices 
utilizing laser beams, particle beams, or other en- 
ergy beams (hereinafter genericaliy refen^ed to as 
"energy beams")^ In accordance with one aspect of 
the invention, the apparatus generates a localized, 
non-contact vacuum seal at a selected process 
region of a workpiece surface, and Includes a vacu- 
: um body having a workpiece-facing surface with a 
plurality of concentric grooves and a central bore 
through which a process energy beam, such as a 
laser, can be transmitted. 

Actuator elements are provided for positioning 
the vacuum body in selected proximity Witli the 
process region of the workpiece surface, and vacu- 
um pump elements are provided for differentially 
evacuating the vacuum body grooves. The graves 
; thereby define differentially pumped vacuum cham- 
bers which reduce the influx of atmospherib , par- 
ticles to the process region. 

In another aspect of the invention, the appara- 
tus includes detectors for monitoring gas pressure 
in a selected groove to measure the gap between 
the workpiece-facing surface and the workpiece 
surface; and a position controller, which can in- 
clude a microprocessor, responisive to the detected 
gas pressure, for cohtrollirig the actuator elements 
to maintain a selected gap between the workpiece- 
facing surface and the workpiece surface. The 
vacuum body can be constructed by machining the 
grooves into a selected surface of a monolithic 
metallic body, and the conduits can be constructed 
by machining respective bores through the vacuum 
body Into respective pries of the grooves. 

In a further aspect of the invention, control gas 
source elements are provided for introducing a 
selected control gas into a vacuum body groove, to 
further reduce the influx of atmospheric particles to 
the process region, 

The apparatus can include process or reaction 
gas elements for introducing a selected 
photolytically or pyrolytically reactive gas mixture 
into a selected groove to migrate Into, and react in, 
the path of the energy beam, to deposit a selected 
reaction product on the workpiece surface. This 
gas mixture can include a carbon monoxide carrier 
component and a cobalt oxide reaction component 
for Photolytically or pyrolytically reacting to deposit 
an electrically conductive on Insulative, optically 
opaque or transparent layer on the worlcpiecis sur- 
face. 

A further aspect of the Invention incrudes the 
steps of differentially evacuating a vacuum body 



having a workpiece-facing surface with a plurality 
of concentric grooves defining vacuum chambers, 
positioning the vacuum body in selected proximity 
to a workpiece surface to generate a vacuum seal. 

5 and introducing a selected control gas into at least 
one groove to further reduce the Influx of atmo- 
spheric particles. The Invention can also include 
the step of introducing selected process gas mix- 
tures for reacting In the path of an energy beanri 

10 transmitted through the vacuum body. 

Some ways of carrying out the present inveri- 
tiori will now be described in detail by way of 
example with reference to drawings which show : 
specific embodiments of apparatus according to 

75 the Invention. 

• Brief Pesdriptjon! of the Drawings 

20 RG. i is^ a schematic diagram, partly in 

block form, depicting a locallzed^ ^^^^ in 
accordance with iSie invents 

: ; 

■ unri apparatus in accordance with the Inventi^^ 
25 showing i vacuum body and a vacuum body hous- 

"- •ing;. ■ 

FiG. 3 Is a side view of the vacuum body of 

Fig. 2; 

RG. 4 is a bottom view of the vacuum body 
30 of Rg. 2; and 

FIQ. 5 is a simplified sectional view of the ' 
differentially pumped vacuum body of Rg. 2 taken 
along line 3-3. ■ 

35 ; Description of the Illustrated Embodiments 

RG. 1 depicts vacuum apparatus 10 In accor^. 
dance with the Invention, for generating a b 
non-contact vacuum seal at a selected process 
40 region 15 of the surface 13 of a workpiece 12, The 
vacuum seal apparatus 10 Is useful in repair and 
etching processes, such as repairing the workpiece 
.12 with a laser or other particle- or energy-beam 
:. 17 (hereinafter genericaliy refen'ed to as an 
45 "energy beam"). The workpiece 12 can be, for 
example, an LCD panel, and the workpiece 12 can 
be supported on a conventional platen 14. 

The illustrated vacuum apparatus 10 includes a 
vacuum module 18 having a grooved workpiece- 
60 facing surface 44, and a set of conventional vacu- 
um pump modules 26. 28. 30, 32 Coupled to the 
grooves in vacuum module 18 by a plurality of 
conduits 50, for differentially evacuating the 
grooves of vacuum module 18 in a manner dis- 
ss cussed in greater detail below in connection with 
RG. 5. 

Vacuum pump modules 26. 28, 30. 32 can 
include separate vacuum pumps, or can be collec- 



3 



5 



EP0 384 7S4A2 



6 



tively incorporated into a single vacuum pump hav^ 
ing a plurality of ports. While FIG. 1 depicts four . 
vacuum module stages, the invention can be prac- 
ticed in connection with more or fewer vacuum 
module stages. The vacuum apparatus 10 can also 
include control gas module 24, carrier gas source 

34, and process gas source 36. connected to vacu- 
um module 18 by conduits 50, for supplying se- 
lected gases to vacuum module 18, as explained in 
further detail below In connection with FIQ. 5. 

in operation, the workpiece-facing surl^e 44 of 
vacuum module 18 is positioned over a selected 
process region 15 of the workpiece surface 13, and 
positioned in proximity with the workpiece surface 
13 to attain a selected gap 19 In the Z-axis - i.e., 
the axis normal to the workpiece surface 13» Vacu- 
um pump modules 26. 28. 30, and 32 are ac- 
tivated, to evacuate the grooves of vacuum module 
18. A noncontact vacuum seal is thereby generated 
between the wdrkpiece-facihg surface 44 of vacu- 
um module 18 and the selected process region 15 
of the workpiece surface 13. 

When a selected vacuum is attained in the 
vidnity of the process region 15 -ais measured by 
a conventional vacuum monitor 39^ coupled via 
conduit 33 to vacuum module 18- the radiation 
source 16 can be activated to generate a beam 17. 
The beam 17 can ^be focused or otherwise 'posi- 
tioned by conventional means, for transmission 
through bore 52 of vacuum module 18 onto the 
process region 15 of workpiece surface 13. The 
radiation source and beam positioning elements, 
can include a laser or other energy- or particle- 
beam source. 

As depicted in FIG. 1. the vacuum apparatus 
10 can include an X-Yi-Z actuator system 20^ of 
conventional design, for actuating relative motion 
between the vacuum module 18 and the workpiece 
surface 13, in ttiree orthogonal axes. The X-Y-Z 
actuator system 20 can be mechanically coupled to 
the vacuum jftiodule 18 by linkage 22, Altematively* 
the X-Y-Z actuator system 20 can be coupled to 
the platen 14. The actuator system 20, In turn, can 
be controlled by a microjproc^ssbr or other control- 
ler 38, responsive to vacuum measurement signals 

35, in a manner discussed below in connection with 
FIQ. 5. The actuator system 20 can. for example, 
actuate movement of the selected process site 15 
at rates of 1 micron/sec - 2 mlllimeters/sec. 

The structure of vacuum module 18 Is further 
illustrated by RG. 2. which shows an embodiment 
of the invention in which vacuum module 18 con- 
sists primarily of two components - a vacuum 
body housing 41 and a substantially cylindrical 
vacuum body 42 fitted within the vacuum body 
housing 41. The vacuum body 42 depicted in 
FIGS. 2-4 has a central bore 52 for admitting 
radiation from ajurce 18 (FIQ. 1). and a workplece- 



facing surface 44 with a set of non^ntersecling 
circumferential grooves 46a-d. The yacuum body 
42 depicted in FIGS. 2-4 is substantially Cylindrical 
in fonm, with a selected radius, and workpiece- 

5 facing surface 44 is a sul>stantlally planar region in 
. which grooves 46a-d. can be formed. 

Grooves 48a-d contain gas ports 48a-d, re- 
spectively, which communicate with conduits 50a-d 
incorporated into yacuum body housing 41 . Vacu- 

70 urn modules 26. 28, 30, 32 can thereby evacuate 
grooves 46a-d, respectively, via conduits 50a-d and 
ports 48a-d, respectively. The grooves 46a-d ac- 
cordingly define evacuated chambers for generat- 
ing a localized vacuum at a selected process re- 

76 gion of a workpiece. 

The grooves 46a-d can be substantially circular 
and substantially concetitric with the bore 52. 
Moreover, the vacuum body 42 can be advanta- : 
geously. constructed by machining grooves into the 

20 surface of a monolithic m^llic body, and the ports : 
can be constructed by machining respective bores 
through the vacuum body into the grooves. Con- 
structing the vacuum body 42 from a monolithic 
body in this manner is preferable to multiple-ele- 

25 ment constmctibn, in that it enhances compact 
and provides efficient control of mechanical toler- 
ances -such as flatness of workpiece-facing sur- 
face 44 and vacuum charrtber size-- while reducing' 

;'C0St 

30 A typical diameter for the vacuum body 42 Is j 
in the range of 10 to 50 millimeters. A radius of 25i 
millimeters or less is preferred In order to: permit 
the maintenance of vacuum proxiniata to the edg 
or corners of a wori<plece. While the illustrated 

35 vacuum body 42 Is substantially cylindrical in form, | 
other configurations can be utilized in accordance : 
with the invention. 

Referring dnde more to ;RQ. 2, the vacuum 
body housing 41 also Includes conduits 50e-f for 

40 connection to selected gas sources 24, 34. 36 (iflG. 
1). In a prefon^ed embodiment of the inventibh, the 
control, carrier, and process gases from sources 
24, 34, 36, respectively, can be admitted via port 
48a to a selected vacuum body groove, such as 

45 the outermost groove 46a of vacuum body 42, as . 
shown in FIG. 5. 

Referring now to FIGS. 1 and 5, in operabon. 
grooves 46l>d are differentially evacuated so that 
gas pressure P2 In groove 46c is lower tiian gas 

50 pressure PI In groove 46b, and gas pressure P3 in 
the Innermost groove 46d is lower than gas pres- 
sure P2 in the intermediate groove 46b, whereby 
the grooves define differentially pumped evacuated 
chambers which reduce the influx of atmospheric 

55 particles to the process region 15. 

In this preferred embodiment of the Invention, 
groove 48a of vacuum body 42 is utilized for the 
Introduction of a selected control gas from control 
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gas source 24 (FIG. 1), to further reduce the influx 
of atmospheric particles to the process region 15. 
The control gas can be ian Inert gas such as 
nitrogen. The utilization of a control gas has been 
found to enhance the isolation of the process re- 
gion from the atmosphere, in particular, the utilize- 
tidn of a control gas has been demonstrated to 
minimize Infiltration of atmospheric contamlnantis 
such as vacuum pump oil particles into the process 
region, which contaminants^ might othenvise be 
manifested in the fonin of oil rlhigs deposited on the 
worl<piece surface. 

An apparatus constructed in accordance with 
the inyentipn has beein shoyyn to provide effective 
vacuum isolation of the process region, utilizlhg 
evacuation of three concentric vacuum grooves to 
pressures PI , P2. and P3 of approximately 200, 40 
and 8 Ton-, respectively; a typical aspect ratio of 
groove depth (D) to width (W) of 10:1; atypical gap 
dimension (X) of approximately .002 Inch; and a 
typical control gas flow rate of approximately 
28,000 cubic centimeters/minute. These values are 
presented as examples only, and dlffererit values 
cain be utilized in accordance wjth the invention. 

Those skilled in the art will appreciate that In 
the configuration illustrated in FIG. 5. the level of ; 
vacuum generated by: the vac^^^ is Ih 

part a functlbh of tl^^^^ between the- - 

workpiece-facing surface 44 and the workpfece sur- 
face 13 in the Z-axis H.e.. the axis nonmal to the 
workplece surface. A preferred embodiment of the 
lu Invention therefore includes feedback elements 
for automatically controlling the Z-axis position of 
the vacuum body 42 with respect to the wori<plece 
surface 13, by monitoring the level of vacuum 
generated by vacuum body 42. Conversely, vacu- 
um levels can be controlled by controlling the Z- 
axis position of the workplece with respect to the 
vacuum body 42, to vary the gap 19, : 

In particular, as shown in FIG. 1, vacuum moni- 
tor 39 can be coupled to a selected zone in vacu- 
um module 18 -typically the Innermost groove-by 
a conduit 33. The vacuum monitor 39, which can 
include a conventional vacuum gauge, generates 
vacuum measurement signals 35 representative of 
vacuum levels generated by vacuum module 18. 
and thus representative of the Z-axis gap 19 be- 
tween workpiece-facing surtece 44 and the work- 
piece surface 13: 

Position control of vacuum module 18 can be 
provided by microprocessor 38, which reads vacu- 
um measurement signals 35 and asserts. Z-axis 
control signals 40 to X-Y-Z actuator module 20 to 
maintain a selected Z-axis gap 19 betwei^n the 
workpiece-facing surface 44 and the workplace sur- 
face 13. The microprocessor 38 can be of conven- 
tional design and construction, progranrimed In ac- 
cordance with known engineering practice. More- 



over, while FIG. 1 depicts a microprocessor 38 for 
controlling the X-Y-Z actuator module 20. the in- 
vention can be practiced in connection with other 
digital or analog control circuits or computational 

9- devices. 

: Alternatively, the Z-axis dimension of gap 19 
cah be controlled in response to direct measure- 
ment of gap 19 by a conventional gap-monitoring 
element 60. shown in FIG. 1 . The gap-monitoring ^ 

;a . . :elem0ht 80 can include a mechanical, cap^itlye,' 
ojptical or other conventional displacement-measur- 
ing device, for generating gap signals 62 repre- 
sentative of the Z-axis dimenslori of gap 19. Micro- 
; processor 38 can read ttie gap signals 62 gen- 

IS erated by gap-monitoring element 60, and assert 
Z-axis control signals 40 to X-Y-Z actuator module 
20 for maintaining a selected gap 19 between the 
workpiece-facing surface 44 and the woricpiece sur- 
face 13. 

20 Automatically controlling the Z-axis dimension 
: . of the gap between the workpiece-facing surface 
: : : 44 and the workplece surface 13 provides a num- 
ber of significant advantages. In particular, aiito- 
^^^^ m a selected minimum 

25 gap to be maintained, consistent with the avdid- 
: / a^^ the workpiece- 

facing surface 44 and the woricplece surface 13. 
^^^^V a minimum gsqp, in turn, mii^ 

vacuum while reducing the pumping rates required 
30 - for maintaining vacuum, thereby increasing oper- 
ational throughput and minimizing the cost and 
; complexity^ 0^ 

Referring again - to FIGS. 1 and 5, a further 
preferred practice of the invention includes the 
35 introduction of a selected reactive gas mixture into 
; the central bore 52. to migrate Into, and react :in, the 
path of the energy- or particle-beam 17. the reac- 
: tive gas mlxture can biB a mixture of a process gas, 
supplied by process gas source 36, and a carrier 
40 gas, supplied by carrier gas source 34; The reac- 
tive gas mixture can be one which reacts with the 
beam 17 to cause selected etching of the process 
region 15, or one which reacts with the beam 17 to 
deposit a selected reaction product at the process 
45 region 15 of the workplece surface 13. 

Thus, for example, the invention can be prac-* 
tlced In connection with a laser source, and the 
reactive component can be selected to react 
photolytically, pyrolytically, or by a combination of 
so both mechariisms, in the path of the laser beam. 
Suitable photolytically reactive materials, for exam- 
ple, include cbnipounds haying organic and metal- 
lic components, these materials can be 
photodeconiposed by a focused laser beam, result- 
55 ing in the dissociation of the organic component 
from the metallic component, and the depbsiti^^ 
the metallic cohiponent on the workplece surface. 
Alternatively, pyrolytically reactive materials can be 
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dissociated due to local heating by the focused 
laser beam. The components deposited on the 
workpiece surface can be either electrically con- 
ductive or insulatlve, and can be either optically 
opaque or transparent, depending upon the se- 
lected process gas and carrier gas components. - 
A laser beam having a characteristic 
wavelength in the range of approximately 200 
nanometers to approximately 700 nanometers, and 
a power of approximately 1 milliwatt to 2 watts, can 
be used to photolytically or pyrolytlcalty dissociate 
the selected reactive gas mixture, A transparent 
window 54. constructed of glass or other suitable 
material, can be employed In bore 52 to prevent 
plating of the objective lens of tine laser focusing 
system (not shown) by the reaction producte. The 
utilization of a window 54 eliminates the require- 
ment Off sealing the objective lens, and permits 
independent rnounting of the laser objective lens 
with respect to the vacuum module 18 (RC|. 1), 
thereby facilitating movement of the objective lehs 
for adjusting the focus of the laser system. 

The selected process gas mixture can include, 
for example, cobalt carbonyl or tungsten carbonyl 
as a reactive corhpbnent, and carbon monbxide or 
argon as a carrier. Cobalt carbonyl is preferred 
over tungsten carbonyl. because the tungsten com- 
pound requires higher temperatures fqr dis^pciatibn 
and deposition, leading to pbservable loss of exist- 
ing conductor material. 

Thus, for example, the process gas mixture 
can be introduced at a flow rate of approximately \ 
10 cubic centimeters/minute, and a selected control 
gas can be introduced at a flow rate of approxi- 
mately 28,000 cubic centimeters/minute. In particu- 
lar, a pnxress gas mixture, including cobalt car- 
bonyl [Co (00)4)2] and a carbon monoxide [CO] 
carrier component in a selected ratio, can be intro- 
duced into the vacuum body 42 for reacting with 
the laser beam to deposit electrically conductive or 
insulative cobalt layers. These cobalt layers can be 
used for "writing" conductive or insulative lines to 
connect circuit defects In devices such as LCD 
panels. Writing can be executed in accordance with 
the inveritiori by successive laser heating at contig- 
uous sites. The illustrated vacuum apparatus ad- 
vantageously penmtts rapid writing by maintaining a 
selected vacuum at tiie process site while translat- 
ing across the X-Y plane defined by tiie woritpiece 
surface 13. Translation rates can range between 1 
micron/second and 2 millimeters/second. In addi- 
tion, when deposition or etchinig is terminated, tiie 
canier gas can be employed to purjge the process 
region of reactive gas. Alternatively, the control gas 
can be utilized for this purpose. 

Cobalt deposits were generated by the inven- 
tion under a variety of experimental conditions, as 
' illustrated in the following examples. 



EXAMPLE 1 

Reflective metallic films of cobalt were grbw^^^ 
6 on a substrate by scanning the substrate with a 
focused laser beam in conjunction with the above- 
described vacuum apparatus. The process region 
was isolated using the differentially pumped vacu- 
um apparatus having a worl<piece-facing surface 
to radius of approximately 25 millimeters, operating at 
a gap of approximately, 60 microns from the sur- 
face of the substrate. A process gas mixture, con^ 
taining a cobalt cariDony I reactive component and 
an argon carrier component, was Introduced at a 
75 pressure of approximately 20 to 70 ton-, with a 
cobalt carbonyl partial pressure of approximately .1 
Torr. . 

20 ■ ■ EXAMPLE 2 

Electrically insulative, optically transparent lines 
of cobalt oxide were drawn on a substrate, by 

26 employing the physicar configuration descrlbed ln • ■ 
Example 1 and introducing a process gas contain- : 
ing oxygen, cobalt carbonyl, and a carbon mbnpx- 
Ida caMtieryc^^ a prassMre of ajpproxi-: 

mately 20 T^rr. The utilizati^^ 

30 ide component has been found to prevent tiie 
formation of black crystals of a cobalt compound, 
While high rates of cobalt oxide deposition were 
obtained by utilizing the oxygen feed.: 

There has been described with reference to the 

36 drawings apparatus and metiiods for efficientiy Iso- 
lating a selected process region of a workpiece 
from atmospheric particles, and for introducin^^^ 
lected process gases to tiie process region. 

The apparatus and method achieves high vacu- 

40 unri levels in a central process zone. The apparatus 
is compact in radial arid sx\a\ dimenisions^ and can 
be dynamically and coritrollably positioned, in three 
orthogonal axes, at selected positions over the wor- 
kpiece surface. The apfDaratus is simple and in- 

'^^ expiensive to construct w controlled me- 

'bhanicaJ tol^rarices. 

. It will be understood that changes may be 

made In tiie apparatus 10 and in its sequences of 
operation wtthout departing from the scope of tile 

60 invention. Thus, for example, more or fewer vacu- 
um stages can be utilized, and different reaptibn 
and canrier comixirierits can be employed. 



55 Claims 

1 . Apparatus posltionable in proximity to a wor- 
kpiece surface, for generating a localized, non- 
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contact vacuum seal at a selected region of the 
workpiece surface, the apparatus comprising 
a vacuum body having a workplece-iFacing surface, 
said workpiece-faclng surface including a periph- 
ery, a central region, and a plurality of non-inter* 
secting circumferential grooves, said plurality of 
grooves Including at least an outermost groofve 
adjacent said periphery and an innermost grooy© 
adjacent said central region, 
differential pumping rneans, in gas communication 
with said grooves, for evacuating said grooves iso 
that gas pressure if) said innermost groove is lower 
than gas pressure In said outermost groove, where- 
by said grooves define differehtially pumped evac-: 
uated chambers redudng influx of atmospheric par- 
ticles to said central region, and 
control gas means, in gas communication with a 
. selected groove, for Introducing a selected control 
gas into said selected groove to further reduce 
influx of atmospheric particles to said central re- 
gion. 

2. Apparatus according to claim 1 wherein said 
differential pumping means includes plural vacygm 
sources, each said vacuum source being In gas : 
cbnimuriicatipn with a respective groove, and s$id ;:: 
vacuum body further inciiides a plurality of conduit 
means, in gas comrnunicatibn with said grooves, 
for coupling said plural vacuum sources with said 
grooves. 

3. Apparatus according to claim 1 or 2. wherein 
said vacuum body further Includes a bore passing ( 
through said central rejgion. for permitting an en- 
ergy beam to pass through said vacuum body to 
the workpiece surface, and said grooves are sub- 
stantially circular and substahtially concentric with 

.• said bore. ■• ' 

4. Apparatus according to any preceding claim 
wherein said control gas means includes means for 
■introducing a selected inert gas into said selected 
groove to further reduce influx of alinosphenc par- 
ticles to said central region. 

5. Apparatus according to any preceding claim 
further comprising actuator means for actuating rel- 
ative motion between said vacuum body and said 
workpiece surface, in at least an apds normal to 
said workpiece surface. 

gap measuring means for generating a gap mea- 
surement signal representative of gap between said 
workpiece-faclng surface and said workfiiece sur- 
face. 

said gap measuring means comprising vacuum 
monitoring means, in gas communication with at 
least one of said grooves, for generating a vacuum 
measurement signal representative of vacuum in 
said at least one groove, said vacuum measure- 
ment signal providing a measure of gap between 
said workpiece-faclng surface and said workpilece 
surface, and 



position control means, responsive to said gap 
measurement signal, for controlling said actuator 
■ nrieans to maintain a selected gap between said 
workpiece-faclng surface and said workpiece sur- . 
5 face. 

6. Apparatus according to claim 1 wherein 
said vacuum body further Includes a bore passing 
through said central region, for permitting an en- 
ergy beam to pass through said vacuum body to 

10 the workpiece surface, and 
[ further including reaction gas means for introducing 
a selected reactive gas mixture into said central 
region to migrate into, and react in, the path of the 
energy beam, said reactive gas mixture including a 
:?6:: reactive component fdt: reacting in the path of the 
A energy beam; to cause selected etching of the 
. workpiece surface, or deposition of a selected re-' 
= actldn product on the workpiece surface. 

7. A method for generating a localized, non- 
20 contact vacuum seal at a selected, region of a 

: workpiece surface, the method comprising the 
steps of 

; ; fwsitiqnin in selected proximity with the work- 

piece surfeKje,: a vacuum 1^ 
is facliig surf^u:^ Indliiding a peripliery. a central re- 

gipn, iahd a plurality of nbn-intersectihg circum- 

ferentlar grooves with at least an outermost gnMve 
■ ' ; adj8Lceht^^;8^ ani::linhermost groove 

adjacent said central region, 
30 differentially evacuating said grooves so ttiat said 

grooves define differentially evacuated chambers 

reducing influx of atmospheric particles to said 

central iregidn, and 

introducing a selected control gas into a selected 
36: groove to further reduce influx of atmospheric par- 
ticles to said central region. 
; 8. A method according to cjaim 7 ipomprising 
the further steps of fornn|ing said vacuum^ body frorn 
V-;-; a monplithic body. 

40 / 9. A nriethod accord further com- 

directing an energy beam through said vacuum 

body to the workpiece surface, and 

introducing a selected reactive gas mixture into 

45 said central region to migrate into, and react in, the 
path of the energy beam, said step of Introducing a 
reactive gas mixture including the step of Introduc- 
ing a reactive component for reacting in the path of 
tile energy beam to cause selected etching of ti^e 

60 workpiece surface, or deposition of a selected re- 
action product on the workpiece surface. 

10. A method according to claim 9 wherein 
said step of Introducing a reactive component in- 
cludes the step W Introducing i component which 

65 Is photolytically reactive or pyrolytically reactive In 
tiie patii of the energy beam. 

11. A method according to claim 10 wherein 
said step of introducing a reactive component in- 
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eludes the step of introducing a cobait carbonyl 
component which reacts in the path of the energy 
beam to deposit a reaction product which is sub- 
stantially opaque. 

12. A method according to claim 10 wherein 5 
said step of introducing a reactive component In- 
cludes the step of introducing a component which 
reacts in the path of the energy beam to deposit a 
reaction product which is substantially electrically 
conductive or which is electrically insulativo; ro 

13. A method according to claim 12 wherelri 
said step of Introducing a reactive component In- 
cludes the step of introducing a component which 
reacts in the path of the energy beam to deposit a 
reaction product which is substantiklly transparent. is 

14. A method according to claim 9 wherein the 
step of introducing a reactive gas mixture includes 
the step of introducing a canier component, the i : 
step of introducing a c?nier component jiriclut^^ £ 
the step of introducing a carbon rrohdklde cbmp^^^ 

• nent 

15. A method according to claim 11 wherein i 
said step of Introducing a reactive component iri^ > 
eludes the step of introducing oxygen. 

16. A method according to claim 9 25 
wherein said step of introducing a reactive compo- 
nent Includes the step of introducing cobalt car- 
bonyl and 

further comprisirig the step of Inhibiting deposition 
of blacic crystals containing cobalt, said step of oo 
inhlbltlhg deposition of black crystals including; the , 
step of introducing carbon monoxide. 
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